Incubation is an energetically costly activity for birds, and may be particularly challenging in alpine environments where ambient temperatures are typically low but can fluctuate widely. Little is known about how incubating birds respond to cold temperatures such as those that occur in alpine environments. We measured incubation rhythms in horned larks (Eremophila alpestris) breeding in alpine tundra in British Columbia and found quadratic relationships between ambient temperature and the total time spent incubating, the frequency of recesses, and on-bout duration. Females spent less time on the nest as ambient temperature increased to 12-13 • C; at higher temperatures the relationship was reversed. They adjusted the amount of time incubating by varying the frequency rather than duration of recesses. It appears that female horned larks in alpine environments modify their behaviour so as to minimize the cost of rewarming eggs and the risk of cooling the eggs. The ability of horned larks to maintain high levels of nest attentiveness at low ambient temperatures suggests that they are well adapted to the degree of environmental variation they currently experience in alpine environments and that they may compensate for the shorter breeding seasons and reduced re-nesting opportunities by increasing parental investment.
Introduction
All breeding organisms face trade-offs between survival and reproduction (Stearns, 1989) and resources that are allocated to one component of the breeding cycle may reduce the ability of an individual to invest energy elsewhere. Individuals living in variable and unpredictable environments are expected to modify their energy investment to respond to changes in their environment. The optimal response to a variable environment depends on how an individual maximizes current reproduction and/or survival and possibly future fecundity (Erikstad et al., 1998) . In extreme environments, such as desert or alpine environments, the consequences of shifting investment patterns may be particularly severe (Martin & Wiebe, 2004) .
Birds have been the focus of a large proportion of the studies on life history trade-offs and reproductive allocation and the majority of studies that focus on avian reproductive costs have centered on the chick rearing stage. A common assumption is that this is the most challenging component of avian reproduction. However, incubation is an energetically costly activity for birds and requires the incubating parent to tradeoff between their need to forage to meet their own energetic requirements and the thermal needs of the eggs (Webb, 1987; Williams, 1996; Thomson et al., 1998; Visser & Lessells, 2001) .
For optimal embryo development, egg temperatures must be maintained between 36 and 38
• C (Drent, 1975; Webb, 1987) , and in most environments, fluctuations in ambient temperatures make incubation necessary to prevent cooling or overheating of the eggs. Temperature deviations outside the optimal range can reduce the hatchability of eggs and/or extend the incubation period (Webb, 1987; Strausberger, 1998; Reid et al., 2000; Black & Burggren, 2004) . Incubation may be particularly challenging for birds breeding at high elevations where ambient temperatures are typically low and may vary more than 30
• C daily (Wiebe & Martin, 1997; Martin & Wiebe, 2004) . The majority of studies of incubation rhythms in birds have been conducted in moderate environments; therefore, little is known about how incubating birds respond to very cold temperatures such as those that occur in alpine environments.
In order to maximize fitness, individuals must adjust their behaviour in response to fluctuating environmental conditions. When ambient temperatures reach high or low extremes, both the metabolic rates of adult birds and the need for cooling or warming the eggs increase. However, the total time
